Abstract
Introduction
Weight restoration is an established integral component of inpatient treatment for anorexia nervosa (AN; American Psychiatric Association, 2006). Inpatient treatment for AN is often required to intervene with cognitive impairment and medical consequences resulting from severe deficiency in caloric energy intake and malnutrition (American Psychiatric Association, 2006) . Research indicates that weight restoration during inpatient treatment may be the best predictor of outcome (Kaplan et al., 2009; Lund et al., 2009; Zipfel, Löwe, Reas, Deter, & Herzog, 2000) . However, studies examining the efficacy of inpatient treatment suggest that up to 56% of patients choose to leave inpatient treatment prematurely (Fassino, Piero, Tomba, & Abbate-Daga, 2009; Huas et al., 2011; Sly & Bamford, 2011) , an estimated 40% of weightrestored patients relapse within a year of discharge (Carter et al., 2012) , and approximately 20% of patients remain chronically ill or die (Fichter, Quadflieg, & Hedlund, 2006; Steinhausen, 2002) . These findings suggest that the majority of individuals do not achieve and/or maintain weight restoration with inpatient treatment.
Several studies have indicated that there is variation in weight restoration during an inpatient admission for AN (e.g., Davies & Jaffa, 2005; Garber, Michihata, Hetnal, Shafer, & Moscicki, 2012; Hart, Abraham, Franklin, & Russell, 2011; Hartmann, Wirth, & Zeeck, 2007; Lund et al., 2009; Mewes, Tagay, & Senf, 2008) . For example, Hartmann et al. (2007) found that individuals who gained weight in Weeks 1 and 2 and then proceeded to have a significant weight gain during Weeks 3 and 4 without much fluctuation had a higher probability of at least moderate treatment success. In contrast, patients who lost weight in Weeks 1 and 2 and even more weight loss in Weeks 3 and 4 with fluctuation had a higher probability of treatment failure. Results also indicated that having a constant but slow weight gain during Weeks 1 and 2 does not indicate treatment failure. In another study, Hart and colleagues examined weekly and total weight gain in patients admitted to an inpatient eating disorders unit at a private psychiatric hospital (Hart et al., 2011) . Findings suggest that a subset of individuals will initially lose weight secondary to fluid retention or have minimal weight gain during the first week of treatment, followed by significant weight gain and/or weight fluctuations for the remainder of their admission (Hart et al., 2011) . Furthermore, Hart et al. (2011) reported that a smaller subset of patients will not gain but lose weight during their admission.
Over the past 20 years, research has begun to take into consideration the importance of capturing changes in body weight over a period of time by using statistical analyses that more appropriately fit the data. For example, Mewes et al. (2008) examined parameters of weight curves as predictors of dropout and completion of treatment. More specifically, the variables of interest relating to weight curves included the period of weight loss, the number of periods of weight loss, the average magnitude of weight loss, the average duration of weight loss, and the average weekly body mass index (BMI) gain. Findings suggest that three predictors of BMI gain up to discharge explained 69% of variance among treatment dropouts. A higher average weekly BMI gain, a lower average duration of weight loss, and a longer duration of the first half of treatment predicted higher BMI gain up to discharge. Among treatment completers, a lower BMI at admission and a higher average weekly BMI gain in the first half of treatment predicted a higher BMI gain up to discharge, and both predictors explained 51.8% of the variance.
Similarly, Lay, Jennen-Steinmetz, Reinhard, and Schmidt (2002) conducted a longitudinal study that investigated changes in body weight during and after inpatient treatment among female adolescents. In this study, the variables of interest relating to weight curves were average BMI, convexity of the weight curve, negative variation, total variation, and variability, and these parameters of weight curves were used to predict treatment outcomes. Results showed that the average overall weight increase was 9.4 kg, or 2.5 kg per month, but only 77% of participants (n = 31) achieved target weight and 22.5% (n = 9) maintained it for at least 10 days while in treatment (Lay et al., 2002) . Additionally, about 72% of patients had substantial weight loss within 8 weeks of discharge, and 77.5% were readmitted within 12 months following discharge. Furthermore, patients with greater negative variation of weight curve and greater tempo of weight increase were more likely to lose weight after discharge compared to others.
Another study examined predictors of failure in the early course of first admission for inpatient treatment among 85 individuals using growth curve analysis and regression with methods of optimal scaling (Hartmann et al., 2007) . The statistical analyses had three steps, including reduction of longitudinal weight gain data to three parameters of linear weight gain curves, nonlinear regression of outcome class with methods of optimal scaling using the three curve parameters, and receiver operating characteristic curve analyses. Results showed that BMI at admission was negatively correlated to outcome, with a higher mean BMI at admission for individuals who did not respond to treatment compared to those who did respond to treatment.
Although researchers have begun to take into consideration the nonlinearity and variability of weight changes during inpatient treatment for AN, the majority of existing studies are descriptive in nature or examined the relationship between weight change and treatment outcomes. The identification of distinct weight trajectories and potential differences in demographic and clinical characteristics among the identified trajectories will provide a better understanding of the process of weight restoration, including potential differences and similarities within this population. Such knowledge may also help identify optimal body weight response patterns among individuals who are at risk for not achieving weight restoration or leaving treatment prematurely. Thus, this study examined daily body weights to explore the extent to which distinct trajectories of change in body weight exist among individuals with AN during inpatient treatment.
Method

Participants
Participants were individuals diagnosed with AN (N = 500) admitted to the inpatient unit at an eating disorder treatment facility in the Northeast U.S. Inclusion criteria was a diagnosis of AN at admission based on both the Diagnostic and Statistical Manual of Mental Disorders (4th ed., text rev.; DSM-IV-TR; American Psychiatric Association, 2000) and DSM-5 (American Psychiatric Association, 2013) . At time of admission, the mean BMI was 15.9 kg/m 2 (SD = 1.5); 70.4% (n = 352) of the sample were restricting subtype of AN; the mean duration of illness was 8.8 years (SD = 11.1); and 46.6% of the sample (n = 234) had at least one prior inpatient treatment for AN. Diagnoses were determined by an unstructured clinical interview with a unit psychiatrist or advanced practice nurse practitioner. All participants met either DSM-IV-TR or DSM-5 criteria, which was dependent on the year of admission with the DSM-5 being used exclusively starting October 1, 2015. Exclusion criteria were (a) meets DSM-IV-TR or DSM-5 criteria for psychotic disorder at admission and (b) prior chart reviewed in the study (omitted repeat admissions).
Setting
The organization provides a full continuum of care to individuals suffering from eating and psychiatric disorders. In 2015, the eating disorders inpatient unit had a bed capacity of 23 with a readmission rate of 13.4% and an average length of stay of 13.8 days. The primary goals of the eating disorder inpatient program include weight restoration and monitoring, nutrition education, and milieu therapy to address abnormal eating attitudes and behaviors. On admission to the inpatient unit, medical, psychiatric, psychosocial, psychological, and nutritional evaluations were completed. The unit's protocol recommends that individuals gain weight by ingesting liquids and/or solid foods during supervised meals, and individuals are expected to consume 100% the prescribed calories. If an individual is unable to or unwilling to consume the prescribed calories, then a liquid nutrition supplement or nasogastric feeding will be provided. Patients were weighed on the day of admission and then daily over the course of treatment. All weigh-ins were supervised by nursing staff with the patient wearing underwear and/or hospital gown. Per protocol, patients were blindly weighed (i.e., not able to view weight). The anthropometric devices were inspected and calibrated per the treatment facility's protocol. Detailed records of daily body weights were kept as part of the standard of care.
Procedures
This study was reviewed and approved by Boston College's Institutional Review Board. Random sampling was used to ensure that each individual in the population has an equal probability of being selected (Creswell, 2014) . Medical record numbers (MRNs) were randomly selected from the list of all admissions with a diagnosis of AN between January 1, 2012, and December 31, 2015, and stratified by quarters to account for seasonal and academic variability. The randomly selected admission was not necessarily the first admission for the patient. An MRN was included in the study up to one time, and subsequent selections of the number were discarded. This method allowed for 500 unique MRNs, which was the target sample size based on indications that the maximum likelihood estimates obtained in group-based trajectory modeling (GBTM) provide close estimate of the true population values and have normal distribution with a minimum of this sample size (Loughran & Nagin, 2006) .
Analyses
Data were analyzed using GBTM with Stata software, Version 9.3 (StataCorp, 2015) and the PROC TRAJ macro (http://www.andrew.cmu.edu/user/bjones), a closed-source module developed specifically for use with Stata software. The purpose of GBTM is to group individuals who follow similar growth trends and identify differences of each trajectories, and it assumes that the population is composed of a mixture of distinct groups defined by trajectories (Nagin & Odgers, 2010) . Unlike hierarchical and latent curve modeling (two main approaches for analyzing developmental trajectories), which provides modeling of a single average trajectory, GBTM identifies relatively homogenous clusters of trajectories (Loughran & Nagin, 2006) .
Trajectories of change in body weight were based on the identification of relatively homogenous clusters of individuals who followed similar trends of change in body weight, and derived from daily body weights from admission to discharge. Bayesian information criterion (BIC) was used to identify the number of groups that best characterized the data with a stepwise approach to increase the number of groups in the model specification to the identified maximum solutions. A censored normal distribution was assumed, and shapes for the trajectories (e.g., cubic, linear) were compared for optimal mode fit. The BIC approach selects the number of groups that best represent the heterogeneity among the trajectories, and corrects for the complexity of the models (i.e., quadratic number of groups; Nagin & Odgers, 2010) . Smaller BICs indicate a better fit, but theory and parsimony must also be considered in model selection (Nagin & Odgers, 2010) .
Differences among the trajectories were examined using analysis of variance (ANOVA) with Tukey's honestly significant difference post hoc tests (continuous variables) or chi-square (categorical variables). To protect against Type I error, α was set at .01. Statistically significant findings suggest that individuals were more likely to be in one trajectory compared to others, and did not assert that factors were predictors of trajectories. Clinical characteristics of interest were screened for skewness and kurtosis. Length of stay and duration of illness were positively skewed, and BMI at admission was negatively skewed. Transformations were made but did not significantly change the skewness of the data, and thus the original data were kept. To examine whether subsamples of individuals clustered into any of the trajectories and to limit unneeded bias, analyses did not control for length of stay, an outcome variable.
Descriptive analyses compared the demographics of the sample to the target population, using means and standard deviations for continuous variables and frequencies and percentages for categorical variables. Approximately 96% (n = 482) of the data were completed cases, and 3.6% (n = 18) were missing data for level of education due to not being documented in the charts. Regarding daily weights, 2.6% (n = 13) of participants were missing data for up to four daily body weights, with 46.2% (n = 6) of those missing daily weight data for 1 day only. For all analyses, no changes or imputations were made (Nagin & Odgers, 2010) . Statistical significance was set at p < .05, two-tailed.
Results
Demographic and Clinical Characteristics
Participants were predominantly Caucasian (91.4%) and female (90.4%), with a mean age of 26.8 years (SD = 13.9, range = 11-69). Details about demographic characteristics are provided in Table 1 .
Approximately 75% (n = 373) of individuals were diagnosed with at least one psychiatric comorbidity; 69.4% (n = 347) of individuals were prescribed at least one psychotropic medication at time of admission; and 28.2% (n = 141) were prescribed an atypical antipsychotic (e.g., olanzapine, quetiapine, risperidone). At time of admission, the mean body weight was 42.6 kg (SD = 6.2) and the average BMI was 15.9 kg/m 2 (SD = 1.5). At time of discharge, the average change in body weight was 2.5 kg (SD = 2.3), and the mean change in BMI was 1.0 kg/m 2 (SD = 0.9). The average length of stay was 16 days (SD = 12.6). Details about clinical characteristics are provided in Table 2 .
Trajectories of Change in Body Weight
The maximum number of trajectories was five, and BIC was used with a stepwise approach to increase the number of groups in the model specification three-, four-, and five-group solutions. BIC values and predicted group proportions for solutions are shown in Table 3 . The fivegroup solution was rejected because the predicted group proportions were less than the recommended minimum threshold of .70 for each group (Nagin & Odgers, 2010) . Based on the BIC, fit statistics, and the size of each group, the four-group solution was selected as the best fitting model.
The final group-based trajectory model for body weight (kg) over time (days) was the four-group solution, and included weight gain (WG; n = 197; 39.4%), treatment resistant (TR; n = 177; 35.4%), weight plateau (WP; n = 82; 16.4%), and weight fluctuate (WF; n = 44; 8.8%) groups. Figure 1 provides the trajectories of the groups. The solid lines in Figure 1 are based on the parameter estimates of the model, and the dashed lines form the 95% confidence intervals on the estimated probabilities of group membership. The dots are calculated with the actual data in which individuals' responses are weighted based on posterior probabilities of group membership. The confidence intervals on the graph have minimal overlap, indicating that the model captures distinctive features of the population distribution of trajectories. Note. AN = anorexia nervosa; BMI = body mass index. Figure 1 indicates that body weight at admission influences trajectory group membership. Thus, a model for change in body weight over time (i.e., body weight at admission was subtracted from all weights) was considered. Additionally, a one-way ANOVA and Bonferroni post hoc test revealed that length of stay was significantly different based on discharge dispositions such that individuals who dropped out of treatment had a shorter length of stay (7.6 ± 6.5) compared to those discharged to residential treatment (16.9 ± 15.0, p < .005), partial hospitalization (17.8 ± 11.2, p < .001), lower level of care at different facility (18.4 ± 9.8 p < .05), home to outpatient team (16.7 ± 10.8, p < .01), and other disposition (27.2 ± 27.3, p < .001). Thus, a model that excluded individuals who were discharged within 7 days of admission was considered. Both alternative models were rejected because the original fourgroup model captured more distinctive features of the population distribution of trajectories. Table 4 provides a summary of the demographic and clinical characteristics by trajectory groups. There were significant group differences in demographic and clinical characteristics. Males were significantly more likely to be assigned to the WF group compared to other groups, χ 2 (3, n = 500) = 85.34, p < .001. Individuals assigned to the WF group were significantly less likely to have been readmitted to the unit compared to other groups, χ 2 (3, n = 500) = 7.87, p < .05.
Demographic and Clinical Characteristics by Trajectories
As determined by one-way ANOVA, there were also significant group differences in age, gender, readmission to unit, duration of illness, admission caloric intake, body weight at admission and discharge, and length of stay. Group differences were tested using pairwise t tests adjusted for multiple comparisons with Tukey's honest significant difference. These tests revealed that individuals assigned to the WF group were significantly younger compared to individuals assigned to the WG (−7.12 ± 2.30, p = .01), TR (−6.17 ± 2.32, p = .04), and WP (−7.97 ± 2.58, p = .01) groups. Furthermore, duration of AN was significantly less in the WF compared to other groups, in that individuals assigned to the WF group reported fewer years with AN compared to individuals assigned to the WG (−6.24 ± 1.98, p = .01), WP (−8.93 ± 2.31, p = .001), and TR (−5.22 ± 2 p = .05) groups. At admission, individuals assigned to the WP group were initiated on a significantly lower caloric intake than the TR (−184.71 ± 52.76, p = .003) and WF (−240.65 ± 73.81, p = .007) groups. The WP group also had significantly lower body weight at admission compared to the TR (−12.93 ± .33, p < .001), WF (−20.61 ± .46, p < .001), and WG (−6.62 ± .33, p < .001) groups. Moreover, the WG group had lower body weight at admission compared to the TR (−6.31 ± .26, p < .001) and WF (−13.98 ± .41, p < .001) groups, and the TR group had lower body weight compared to the WF group (−7.67 ± .42, p < .001). Group differences in body weight at discharge followed a comparable trend, in that body weight was significantly lower in the WP group compared to the TR (−12.46 ± .36, p < .001), WF (−20.42 ± .51, p < .001), and WG (−6.40 ± .36, p < .001) groups. Additionally, the WG group had significantly lower body weight at discharge compared to the TR (−6.06 ± .28, p < .001) and WF (−14.02 ± .45, p < .001) groups, and the TR group had lower body weight compared to the WF group (−7.96 ± .46, p < .001). Although there were significant group differences in body weight at time of admission and discharge, there were no group differences in overall change in body weight. Finally, individuals assigned to the TR group had a significantly shorter length of stay compared to the WP group (−5.15 ± 1.67, p = .01). Means, standard deviations, and percentages are presented in Table 4 . 
Discussion
This study examined trajectories of change in body weight during inpatient treatment for AN. The four-group solution was the final model; groups were identified as weight gain, treatment resistant, weight plateau, and weight fluctuate. These findings provide a better understanding of the process of weight restoration and potential mechanisms that may promote or inhibit weight restoration. This was one of the first studies to examine trajectories of change in body weight among a relatively large sample (N = 500) of unique individuals with AN who were admitted to inpatient treatment. Furthermore, all individuals of the randomized sample were included in the analyses regardless of length of stay or treatment failure. Findings from this study are similar to other studies that have found variation in changes of weight during inpatient treatment (Garber et al., 2012; Hart et al., 2011 ). The WP group followed the most common weight curve for individuals during inpatient treatment for AN, in that individuals displayed a rapid weight gain at the beginning and then leveled off near the end of treatment (Davies & Jaffa, 2005; Lay et al., 2002; Vansteelandt, Pieters, Vanderlinden, & Probst, 2010) . The WF group displayed fluctuations of body weight over the length of stay, had the highest body weights at admission, and longer lengths of stays compared to other groups. Individuals assigned to the WP group displayed a more constant increase in body weight and then plateaued followed by a slight decrease. This group had the lowest body weights and BMIs at admission, the lowest admission caloric intakes, and the greatest changes in body weight from admission to discharge. Surprisingly, the TR group was the second largest subset of the sample, and individuals assigned to this group were more likely to have an initial increase in body weight, followed by a decrease with some body weights at discharge being lower than body weights at admission. According to Mehler, Winkelman, Andersen, and Gaudiani (2010) , individuals with AN tend to have lower resting energy expenditure at time of admission compared to later in the admission. It is commonplace for individuals with AN to require high levels of caloric intake for abbreviated period of time to promote weight gain (Mehler et al., 2010) . It is possible that individuals assigned to this trajectory did not have the necessary caloric requirements to maximize weight gain during Note. AN = anorexia nervosa; BMI = body mass index (kg/m 2 ); IBW = ideal body weight; NS = not statistically significant. Different superscripts denote statistically significant group differences after post hoc comparisons. inpatient treatment. Another explanation is that individuals who are assigned to the TR trajectory may experience more difficulties with inpatient treatment and choose to leave treatment prematurely.
Research suggests a balance between the physiological and psychological changes during inpatient treatment for AN (Hart et al., 2011; Herzog, Zeeck, Hartmann, & Nickel, 2004) . However, since numerous stakeholders are involved in determining length of stay, decisions regarding length of stay are complex and may not be dependent on body weight alone. It is also possible that individuals assigned to different trajectories have different metabolic states throughout treatment, which may affect weight gain and loss as well as body weight at discharge. Results from this study suggest that there is a need for tailored assessments and interventions for individuals during inpatient treatment for AN.
There are several limitations to consider. First, as a retrospective chart review, the research design lacked a rigorously standardized prospective real-time approach, but it was representative of real-world treatment. Second, diagnoses of AN were based on unstructured interviews conducted by a number of different clinicians. It is possible that the current study does not have a representative sample of males because clinicians were more likely to diagnose males with unspecified eating disorders versus AN. Research suggests that eating disorders have a highly skewed sex distribution, with the proportion of unspecified eating disorder cases being significantly higher among males compared to females, and most likely a reflection of underdiagnosis and undertreatment in males (Raevuori, Keski-Rahkonen, & Hoek, 2014) . Although the DSM-5 provides a more sex-neutral diagnostic criteria for AN, clinician bias may still have contributed to the underdiagnosis of AN in males . Third, the sample may not be fully representative of the target population. The setting was a proprietary health care company, and thus the treatment provided may not be representative of other treatment facilities with a different business or treatment model. Likewise, the homogeneity of the sample is a limitation. The majority of the participants were non-Hispanic White females. Although the current study was similar to studies that examined prevalence rates of eating disorders (Hudson, Hiripi, Pope, & Kessler, 2007; Swanson, Crow, Le Grange, Swendsen, & Merikangas, 2011) , the sample was not diverse with respect to race and sex. Research suggests that males are less likely to be diagnosed and seek treatment for an eating disorder, and mental health service utilization is significantly lower among ethnic and racial minority groups compared to Whites . Since the majority of studies recruit participants from treatment facilities, samples will inherently underrepresent certain subpopulations. Finally, GBTM does not identify trajectories of actual groups of individuals; GBTM identifies relatively homogenous trajectories based on data and specifies the likelihood of individuals to be assigned to one of the trajectories (Loughran & Nagin, 2006; Nagin & Odgers, 2010) . Despite these limitations, this is the largest data set to date to have looked at trajectories of change in body weight among individuals with AN during inpatient treatment.
Implications
This study highlighted the heterogeneous trajectories of changes in body weight among individuals with AN admitted to inpatient treatment. Replication of this study in different treatment settings and more diverse population is necessary to capture the similarities and differences in treatment across the continuum of care. Additionally, the examination of predictors of patterns of change in body weight is needed to help define and develop more effective clinical assessments and interventions that are more individualized and based on assessments at time of admission and throughout the length of the admission. Finally, intervention studies will provide knowledge to tailor interventions for optimizing weight restoration in the WG group and having crossover into the WG group. Hart et al. (2011) argue that best practice in the process of weight restoration involves the identification of patterns of change in body weight and is one of the most important aspect of inpatient treatment for AN. Further identification of differences between individuals during inpatient treatment will help develop assessments and interventions to alter trajectories toward the WG group and optimize weight restoration in the WG group. Such assessments and interventions would be tailored to the individual rather than the one-size-fitsall approach.
